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Can a single session of motor imagery promote 
motor learning of locomotion in older adults? 
A randomized controlled trial
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Centre, AUT University, Auckland, 
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health, education and engineering, 
University of the sunshine Coast, 
sunshine Coast, QlD, Australia
Purpose: To investigate the influence of a single session of locomotor-based motor imagery 
training on motor learning and physical performance.
Patients and methods: Thirty independent adults aged .65 years took part in the randomized 
controlled trial. The study was conducted within an exercise science laboratory. Participants were 
randomly divided into three groups following baseline locomotor testing: motor imagery training, 
physical training, and control groups. The motor imagery training group completed 20 imagined 
repetitions of a locomotor task, the physical training group completed 20 physical repetitions of 
a locomotor task, and the control group spent 25 minutes playing mentally stimulating games on 
an iPad. Imagined and physical performance times were measured for each training repetition. 
Gait speed (preferred and fast), timed-up-and-go, gait variability and the time to complete an 
obstacle course were completed before and after the single training session.
Results: Motor learning occurred in both the motor imagery training and physical training 
groups. Motor imagery training led to refinements in motor planning resulting in imagined 
movements better matching the physically performed movement at the end of training. Motor 
imagery and physical training also promoted improvements in some locomotion outcomes as 
demonstrated by medium to large effect size improvements after training for fast gait speed 
and timed-up-and-go. There were no training effects on gait variability.
Conclusion: A single session of motor imagery training promoted motor learning of locomo-
tion in independent older adults. Motor imagery training of a specific locomotor task also had 
a positive transfer effect on related physical locomotor performance outcomes.
Keywords: mental practice, gait, elderly, rehabilitation, mobility, motor imagery, motor control
Introduction
Participation in recommended levels of physical activity reduces with age,1 and these 
reductions are associated with reduced physical function,2,3 increased mortality,4 
and reduced independence.5 Additionally, impairments in mobility predict future 
disability and reduced independence in older adults.6 While undertaking appropriate 
levels of physical activity is known to improve health outcomes in older adults and 
prevent declines in mobility,7 many are unable to achieve current recommendations.8 
As such, interventions that are attainable and can promote maintenance of mobility 
while supplementing physical activity are essential for older adults.
The use of motor imagery, the imagining of an action without its physical 
execution,9 is one potentially feasible intervention to prevent declines in mobility. 
Motor imagery elicits activity in brain regions that are normally activated during actual 
task performance,10 and the spatiotemporal characteristics of imagined and physical 
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movements are very similar for straight-line locomotion.11 
Notably, there is less similarity between the spatiotemporal 
characteristics of imagined and executed movements for 
complex locomotor tasks12 and whole body transfer tasks 
such as sitting from standing.13 This discrepancy between 
imagined and executed tasks for more complex movements 
is important as these complex movements may be more 
prone to deterioration and impairment in older adults, with 
such impairments leading to a loss of mobility and reduced 
independence.6,14 As such, it is important to understand how 
motor imagery may influence complex locomotor tasks in 
older adults to identify how motor imagery could be best used 
as a rehabilitation tool to assist in maintaining mobility and 
independence in this growing sector of our population.
Motor imagery is believed to utilize the forward internal 
model which mimics the causal flow of the physical process 
by predicting the future sensorimotor state of the body based 
on the efferent copy of a motor command and the current 
state.15,16 Motor imagery relies on the efferent copy and 
working memory of that task to establish state estimation 
as there is no sensory feedback, whereas in the physical 
performance of a task, state estimation is based on both the 
forward model and the sensory feedback.17,18 The utilization 
of these forward models within the motor planning process 
during both imagined and executed movements provides a 
parsimonious reason for the similar timing between imagined 
and executed movements.19,20 Unsurprisingly, the ability 
to imagine more complex locomotor tasks is less accurate 
compared with simple tasks,12,21 which may have implications 
for rehabilitation in older adults.
Motor imagery has been used successfully to enhance 
mobility in neurological settings, particularly post stroke,22 
but there is very limited high-quality research regarding its 
use in healthy older adults. Research has examined the neural 
processes23 and the influence of aging on motor imagery,12 
but there is a paucity of literature examining the effect of 
motor imagery training on locomotion in apparently healthy 
community-dwelling older adults. Much of the motor imagery 
research related to locomotion in older adults has been limited 
by low (n,10) number of participants24,25 or by a lack of 
established mobility outcome measures.26 Additionally, the 
acute motor learning processes related to motor imagery 
training in older adults are not known as current information 
regarding motor learning from motor imagery is based on 
upper limb movements27 or locomotion in young adults.11,28 
The results of these studies indicate that greater variability 
occurs during motor imagery training than physical training 
but it is not known how motor imagery influences locomotor 
tasks or how the temporal characteristics of locomotor-related 
motor imagery may vary between trials in older adults. 
As motor imagery is regarded as a motor learning tool,29 it is 
important to understand the trial-by-trial changes that occur 
with imagery to assist in quantifying the learning process of 
motor imagery training to better determine its utility in older 
adults. Therefore, the aims of this study were as follows:
1. Quantify the learning process during one session of 
locomotor motor imagery training and compare it with 
the learning process of physical training.
2. Assess whether one session of motor imagery or 
physical training can improve task-specific locomotor 
performance.
Patients and methods
Participants
Adults aged 65–85 years were invited to take part in this 
randomized controlled study. To be included, participants 
needed to be community dwelling, independently mobile, and 
be able to commit to the study time frames. Exclusion criteria 
were any falls in the past 12 months, use of a walking aid for 
mobility, acute or terminal illness, unstable cardiovascular 
and/or respiratory disorder, neurological disease, and joint 
replacement in the past 6 months.
Procedure
Participants attended one session (90 minutes) at the 
university gait laboratory. The study was approved by 
the Human Research Ethics Committee of the Australian 
Catholic University and was prospectively registered with the 
Australian New Zealand Clinical Trial Registry (registration 
number: ACTRN12617000122358). After providing written 
informed consent, participants completed questionnaires relat-
ing to demographics, physical activity levels (rapid assessment 
of physical activity [RAPA]), cognition (miniCOG), and 
imagery ability (kinesthetic and visual imagery questionnaire 
[KVIQ]). Then, they underwent a series of baseline locomo-
tion tasks, completed a 30-minute training session, then con-
cluded with reassessment of locomotion tasks (Figure 1).
Participants were randomly assigned to one of 
three groups following baseline testing, which deter-
mined their activity for the training session – motor 
imagery (MI) training group, physical (P) training group, or 
control (C) group. Randomization occurred via participants 
selecting an opaque envelope that contained their group allo-
cation. The chief investigator was not able to be blinded to 
participant group allocation within session as he was respon-
sible for administering the tests, but he was blinded to group 
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allocation during data analysis. An academic staff member 
not involved with the study prepared and de-identified the 
data via computer-generated random number sequencing 
prior to analysis by the chief investigator.
Questionnaires
All questionnaires were completed at baseline testing prior 
to locomotion assessments.
rapid assessment of physical activity
The RAPA was used to identify habitual activity levels. 
Participants achieved a score of 1 to 7 for cardiovascular/
aerobic type activities and a score of 0 to 3 for strengthening 
and flexibility type activities, with higher values indicating 
greater levels of physical activity. The RAPA has been vali-
dated for use in older adults.30
MiniCOg
The miniCOG was used to rapidly assess the participants’ cur-
rent cognitive function.31,32 A score between 0 and 5 is possible, 
where higher scores indicate higher cognitive function. A cut 
point of ,3 has been validated for dementia screening.31
Kinesthetic and visual imagery questionnaire
The 10-item KVIQ (KVIQ10) was used to assess the imagery 
ability of participants.33 Participants were required to perform 
a series of movements, then imagine performing that move-
ment, and then rate the clarity or intensity of their imagined 
movements. The scale assesses both visual and kinesthetic 
imagery with each dimension being scored from 5 to 25 with 
higher scores indicating greater imagery clarity or intensity.
locomotion tests
gait speed
Gait speed was assessed for preferred walking speed and fast 
walking speed on the GAITRite system (GAITRite Gold; CIR 
Systems, Franklin, NJ, USA). The GAITRite incorporates an 
electronic walkway ~8.2 m long with an active measuring 
electronic surface that measures step-by-step spatiotemporal 
data. Participants walked in a quiet, well-lit room wearing 
their own footwear. For preferred walking speed, participants 
were instructed to “walk towards the end of the room at a pace 
that is comfortable for you”, and for their fast walking trials, 
participants were instructed to “walk towards the end of the 
room as fast as you can safely without running”. Participants 
started walking from a line marked 2 m before the start of 
the GAITRite walkway and ceased their walk ~2 m beyond 
the walkway to allow for the capture of steady-state speed 
and to negate acceleration and deceleration influences. 
Participants completed one practice trial and two recorded 
trials for each condition. The mean of the two recorded trials 
was used for analysis.
Figure 1 Flow diagram of study.
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gait variability
Gait variability was assessed on the GAITRite system for the 
second recorded trial of both preferred and fast gait at pre- and 
post-testing. The GAITRite software immediately transforms 
the raw data into spatiotemporal gait parameters. Automati-
cally calculated coefficients of variation between steps were 
evaluated for step length, stance time, and stride width.34,35 
Gait variability was assessed as it is not known whether 
gait variability is subject to change acutely with motor 
imagery and gait variability may predict future mobility 
limitations.34,36
The timed-up-and-go
From a seated position in a chair, on the command of “go”, 
participants were required to stand up, walk 3 m as quickly 
and safely as possible past a line on the floor, turn around, 
walk back to the chair, and sit down with their back against 
the chair.37 Time started on “go” and stopped when the 
participant had their back against the back rest of the chair. 
The mean of two trials was used for analysis.
Imagined timed-up-and-go
The imagined timed-up-and-go (iTUG) was developed to 
determine whether a motor imagery task could be used as an 
assessment tool in older adults and has been used to identify 
adults with mild cognitive impairments.38 Participants 
remained seated in a chair and were instructed to imagine 
doing the timed-up-and-go (TUG) and to say “stop” out loud 
when they were finished with their back on the back rest of 
the chair. Time started on the command “ready-set-go” and 
stopped when the participant said “stop”.39 The mean of 
two trials was used for analysis. The mean difference (TUG 
delta) between the physically performed TUG and the iTUG 
was then calculated39 according to the following formula: 
[(TUG−iTUG)/(TUG±iTUG/2)]×100. A positive delta value 
indicated that participants performed the imagined task 
quicker than the physical task (expected pattern). The higher 
the positive values, the greater the time difference between 
imagined and physical task performance. Conversely, a nega-
tive value indicated that participants performed the imagined 
task slower than the physical task.
Obstacle course
An obstacle course combining aspects of fast gait speed, 
the TUG, and direction change was also included in the test 
battery. Participants started seated in a chair, on the command 
of “go” participants stood up and walked 10 m as quickly as 
possible, stepped over a 15 cm hurdle, slalomed through a 
series of five markers spaced 50 cm apart, returned over the 
hurdle, then walked back along the 10 m walkway to return to 
sitting (Figure 2). Time started on “go” and stopped when the 
participant had their back against the back rest of the chair. 
Participants completed a practice trial then two timed trials. 
The mean of two trials was used for analysis. This test was 
included primarily to be used for task-specific motor imagery 
purposes for the imagery group. As it required deliberate 
stepping and direction changes while still including familiar 
movement patterns (sit to stand from chair and walking), 
it was hypothesized that older adults would be able to accu-
rately imagine themselves performing the task.40
Training
Following baseline testing, participants were randomly 
assigned to either motor imagery or physical training or control 
group. Randomization occurred via block randomization (six 
per block) with participants selecting an opaque envelope 
Figure 2 schematic of obstacle course.
???????????????
??????????????????????????????????????????
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from a larger envelope that contained one letter (A, B, or C) 
that determined their group allocation. Participants in the 
motor imagery training group completed 20 imagined rep-
etitions of the obstacle course. Participants were seated in a 
chair at the start of the course and were instructed to “imagine 
yourself completing the obstacle course as quickly and accu-
rately as possible from a first person perspective”. The time 
taken to complete each repetition was measured to determine 
trial-by-trial changes. Timing started on the command of “go” 
and ceased when the participant said “stop” to correspond 
with their imagined self placing their back against the back 
rest of the chair. Participants had a 30-second rest between 
each trial, then a larger 5-minute rest after 10 repetitions to 
minimize mental fatigue.41
Participants in the physical training group completed 
20 physical repetitions of the obstacle course. Participants 
were instructed to “complete the obstacle course as quickly 
and accurately as possible”. The time taken to complete each 
repetition was measured – time started on “go” and stopped 
when the participant had their back against the back rest of 
the chair. Participants had a 30-second rest between each trial, 
then a larger 5-minute rest after 10 repetitions. A trial was 
repeated if a participant knocked over a marker or hurdle.
Participants in the control group spent 25 minutes 
(equivalent time as motor imagery and physical training 
including rest periods) playing mentally stimulating games 
on an iPad. Participants had the choice to play a mathematics 
game (Sudoku), a word finding game, or a trivia game, or 
a combination of these games. These mentally stimulating 
games were performed so that control group participants 
should be mentally stimulated to more closely match the 
mental demands of motor imagery and physical training 
without a particular focus on bodily movement.
statistical analysis
All statistical analyses were performed using IBM SPSS (Ver-
sion 22). Statistical significance was set at p#0.05. Analysis 
of variance (ANOVA) was used to identify any baseline dif-
ferences between groups. To quantify the learning process 
associated with motor imagery training, trial-by-trial changes 
during training sessions were analyzed using repeated mea-
sures ANOVA, within group differences at four time-point 
clusters (repetitions 1–5, 6–10, 11–15, and 16–20, respec-
tively) were compared. Trial-by-trial changes during training 
sessions were analyzed using repeated measures ANOVA for 
repetitions 1, 10, 11, and 20 to identify whether a larger break 
after repetition 10 affected the duration of subsequent repeti-
tions. The coefficient of variation (CoV) (SD/mean×100) for 
each participant’s training session (20 repetitions) was calcu-
lated to determine the variability within each training session 
(motor imagery and physical). Independent samples t-tests 
were then performed to identify differences in the overall 
CoV between the motor imagery and physical training ses-
sions. Paired samples t-tests were used to determine whether 
baseline obstacle course times differed from the mean time 
of all training repetitions in each training group.
ANOVA was used to determine whether change scores 
from pre- to post-testing differed between groups for locomo-
tion measures. Paired-samples t-tests were used to identify 
any changes within groups from baseline to post training in 
locomotion measures. Effect sizes were calculated to provide 
an indication of the magnitude in difference between each 
group using Cohen’s d. Effect sizes were interpreted as trivial 
(,0.2), small ($0.2), medium ($0.5), and large ($0.8).42
Results
Thirty adults aged 74±5 years took part in the study. There 
were no significant differences between groups at baseline 
in any demographic or outcome measure except for RAPA 
(aerobic) where the motor imagery training group was 
significantly more active than the physical training group. 
Demographics and baseline measures of the cohort are pre-
sented in Table 1.
Table 1 Participants’ baseline characteristics
Measures Motor 
imagery 
training 
(n=10)
Physical 
training 
(n=10)
Control 
(n=10)
Age (years) 72.5±5.4 75.0±5.1 75.2±4.5
height (m) 1.65±0.07 1.66±0.1 1.66±0.1
Weight (kg) 70.9±21.5 75.4±14.2 73.6±13.5
BMI (km/m2) 25.9±6.9 27.5±4.8 26.6±4.3
Medication use 1.4±1.5 2.5±1.6 1.6±2.2
rAPA – aerobic 5.4±1.5a 3.7±1.1 4.2±1.3
rAPA – strength 1.9±1.1 1.5±0.8 1.4±1.4
MiniCOg 4.6±0.8 4.9±0.4 4.7±0.5
KVIQ10 34.8±10.2 31.7±12.0 36.1±11.4
gait normal (m/s) 1.24±0.23 1.36±0.13 1.21±0.24
gait fast (m/s) 1.61±0.33 1.84±0.20 1.73±0.33
TUg (s) 7.86±1.78 7.07±1.00 7.51±1.42
iTUg (s) 5.98±2.09 4.49±1.06 6.02±2.88
TUg delta (%) 17.87±17.75 28.14±10.71 17.39±25.46
Obstacle course (s) 31.61±9.26 27.55±3.27 30.20±7.33
CoV step length (%) 8.57±13.55 3.02±1.34 5.46±5.58
CoV stance time (%) 10.66±10.11 5.71±4.42 8.02±5.78
CoV stance width (%) 31.12±23.15 42.38±45.23 26.14±12.43
Notes: All values are presented as mean±sD. aSignificantly different (p,0.05) from 
other groups at baseline.
Abbreviations: BMI, body mass index; CoV, coefficient of variation; iTUG, imagined 
timed-up-and-go; KVIQ10, 10-item kinesthetic and visual imagery questionnaire; 
miniCOg, cognition; rAPA, rapid assessment of physical activity; TUg, timed-up-and-go.
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Trial-by-trial changes (learning process)
There were significant changes in the duration of repeti-
tions from repetition 1 to 20 for both motor imagery and 
physical training whether they were assessed in clusters or 
as individual repetitions. The pattern of learning represented 
by the within session changes was different for each group 
(Figures 3 and 4). The motor imagery training group had an 
increase in imagined time over the course of training while 
the physical training group had a reduction in physical 
performance over the course of training. Additionally, the 
time to physically complete the obstacle course at baseline 
was significantly greater (p=0.009) than the mean time to 
complete the imagined repetitions of the obstacle course 
(Figure 4) in the motor imagery training group. There were 
no significant differences between the time to physically 
complete the obstacle course at baseline and the mean time 
to complete all 20 training repetitions (p=0.42).
There were significant group differences between 
physical and motor imagery training for training variability 
as measured by the CoV. The CoV for motor imagery training 
(13.4±7.0) was significantly greater (p,0.01) than CoV for 
physical training (3.6±1.3).
Training effect
Between group effects
There were no significant differences in change scores for any 
measure between groups (Table 2). Although there were no 
significant differences between groups, there were medium 
to large effect sizes for gait speed (fast), TUG, and obstacle 
course time, all of which indicated a greater improvement 
in the training groups compared with controls.
Within group effects
There were significant within group improvements from 
pre- to post-testing for gait speed (normal) for motor imagery 
(p=0.049), physical (p=0.004), and control groups (p=0.018). 
There was also a significant reduction in time (p=0.013) to 
complete the obstacle course in the physical training group 
(Table 2; Figure 3) from pre- to post-training. There were no 
significant changes for gait variability measures in any group. 
There was very little change in TUG delta scores for any group. 
For the motor imagery training group, this small increase in 
TUG delta was a product of small reductions in the time to 
complete both the physical TUG and the iTUG (Table 2).
Discussion
The main finding of this study is that within session changes 
in obstacle course performance are evident during both motor 
imagery and physical training of an obstacle course locomotor 
task in apparently healthy community-dwelling older adults. 
The trial-by-trial changes within a single training session dif-
fered between the two training groups as an overall increase in 
imagined time occurred during motor imagery training, while 
physical training led to reductions in the time to complete 
the obstacle course. These results are in contrast to previous 
research that has examined trial-by-trial changes produced 
by motor imagery training.27 In the Gentili et al27 study, both 
motor imagery and physical training led to reductions in the 
time to perform a repeated pointing task. As the temporal 
Figure 3 Cluster by cluster changes within training sessions.
Notes: A cluster represents five consecutive repetitions (eg. cluster 1 equals repetitions 
1–5, cluster 4 equals repetitions 16–20); *cluster 2 and 4 significantly different (p,0.05) 
to cluster 1 in MI; #cluster 3 significantly different (p,0.05) from cluster 4 in physical 
group; ^pre-value significantly different (p,0.05) to post-value for physical group.
Abbreviation: MI, motor imagery.
??
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Figure 4 Trial by trial changes within training sessions. 
Notes: *repetition 10 and 20 significantly different (p,0.05) to repetition 1 in 
MI; #repetition 10 and 20 significantly different (p,0.05) from repetition 11 in MI; 
^repetition 10 significantly different (p,0.05) to repetition 20 in physical group; 
$baseline value significantly different (p,0.05) from mean time to complete imagined 
repetitions in MI.
Abbreviation: MI, motor imagery.
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pattern of the final repetitions of training closely matched 
those of the post-training physical performance,27 it may 
indicate that both motor imagery and physical training shared 
a similar neuroplastic learning process. In the current study, 
despite the mean duration of repetitions increasing over 
the course of motor imagery training, these within session 
changes were still likely the result of learning and increased 
precision27,43 as the temporal pattern of imagined movements 
at the end of training better represented actual physical per-
formance. Participants in this motor imagery training group 
initially underestimated the time to complete the obstacle 
course as the time to complete the imagined task was sig-
nificantly shorter than the time to complete the physical task 
(Figure 4). This finding is in agreement with previous studies 
where the duration for stand-to-sit movements13 and com-
plex locomotor tasks44 were underestimated by older adults. 
Importantly, with repeated imagined movements, there would 
have been ongoing recalibration and refinement of the effer-
ent copy (motor plan) which led to an increase in duration of 
the imagined movement to better match the physically per-
formed movement (Figures 3 and 4). Additionally, although 
the overall pattern during motor imagery training produced an 
increase in the duration of imagined movements, there was 
an evident reduction in the duration of imagined movements 
immediately after the larger 5-minute break following the 
10th repetition. This finding suggests that the larger 5-minute 
break following the 10th repetition was enough to temporarily 
interrupt the ongoing recalibration of the efferent copy 
(or motor plan). It appears that in the absence of sensory 
feedback, although the brain is able to modify the efferent 
copy, a number of repeated imagined movements are required 
to improve temporal precision.27 Notably, participants in this 
study had appropriate motor imagery ability as demonstrated 
by the KVIQ scores which are similar to previous values in 
healthy older adults.45 This ability to accurately construct 
mental images is an essential requirement for effective motor 
imagery as a rehabilitation tool.46 Interestingly, participants in 
the motor imagery training group consistently reported that 
they were better able to visualize their feet going through the 
obstacle course toward the end of the training session which 
indicated improved image clarity.
These within session changes are unlikely to be related to 
mental fatigue as gradual increases in imagined movement 
duration occurred from the start of the session. Also, the total 
duration of actual motor imagery was similar to previous 
studies11,27 and was kept under 20 minutes to avoid degrada-
tion of motivation.47 Physical performance did not deteriorate 
following imagery which further suggests that the increase in 
time over the motor imagery training session was not due 
to mental or neuromuscular fatigue.41 Finally, the increase 
in imagined timed is also unlikely to be simply a result of 
greater time lapsing since the last physical performance as 
the temporal pattern of an imagined walking task remains 
similar to the physical equivalent for over an hour.28
Table 2 Change scores between pre- and post-testing
Measure Motor imagery 
training
Physical 
training
Control Cohen’s d MI vs C 
Cohen’s d P vs C
Effect size 
interpretation
Favoring 
gait normal (m/s) 0.06±0.07a 0.14±0.11a 0.08±0.09a −0.42 small C
0.8 large P
gait fast (m/s) 0.05±0.12 0.07±0.19 −0.01±0.12 0.72 Medium MI
0.73 Medium P
TUg (s) −0.23±0.45 −0.45±1.01 0.23±0.38 1.56 large MI
1.25 large P
iTUg (s) −0.21±1.22 −0.14±0.53 −0.02±0.91 −0.25 small MI
0.23 small P
TUg delta (%) 1.30±11.89 −2.56±9.44 1.72±9.26 −0.06 Trivial C
−0.65 Medium C
Obstacle course (s) −1.03±1.56 −1.95±1.99a −0.41±0.89 0.69 Medium MI
1.41 large P
CoV step length (%) −1.45±14.24 0.36±1.62 1.35±9.13 −0.33 small MI
−0.21 small P
CoV stance time (%) −4.59±10.51 −0.76±5.08 −3.18±7.84 −0.22 small MI
0.52 Medium C
CoV stance width (%) −9.92±40.58 −12.56±44.61 −1.23±9.76 −0.42 small MI
−0.50 Medium P
Notes: All values are presented as mean±sD. negative change scores for TUg, iTUg, obstacle course, and CoV measures indicate an improvement. aSignificant (p,0.05) 
change within group from pre- to post-testing.
Abbreviations: C, control; CoV, coefficient of variation; iTUG, imagined timed-up-and-go; MI, motor imagery; P, physical; TUG, timed-up-and-go.
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In agreement with previous studies,11,27 there was greater 
variability during the motor imagery training compared 
with physical training in the current study. During imag-
ined movements, forward models generate the prediction 
of movement timing, but do so via central commands in the 
absence of sensory feedback which likely accounts for the 
greater variability in the timing of imagined actions compared 
with physical actions.17,48 This is particularly evident in suc-
cessful locomotion, which involves complex and continuous 
whole body movement requiring continuous adaptation of 
movement patterns to meet the demands of the environment.11 
During physically performed locomotor tasks, sensory 
information from the moving limbs strongly contributes to 
modifying the motor command and determining the timing 
and quality of the gait pattern.49 The reliance on sensory feed-
back for refining gait timing and quality appears to be more 
pronounced in more complex gait tasks.11,50 As such, greater 
timing variability in imagined movements should be expected 
in more complex locomotive movements that do not have a 
well-defined working memory in which the forward model 
can be used to accurately control the resulting movement. 
In the current study, participants imagined a horizontal walk-
ing task that included straight-line walking, hurdle stepping, 
and direction changes. The forward model relating to hurdle 
stepping and direction changes would have been less precise 
than that of normal walking as it was based on a substantially 
reduced number of repetitions compared with the millions of 
repetitions of normal walking that is stored in the working 
memory of healthy older adults. Certainly, more clear and 
accurate motor imagery is facilitated in tasks that are familiar 
and have minimal spatial constraints.40 We acknowledge that 
we did not time the different components of the mobility task 
such as direction change around obstacles or hurdle step-
ping, rather the entire task was timed as a whole. In future 
studies it would be interesting to identify whether the timing 
accuracy of familiar patterns (eg, straight-line horizontal 
walking) and unfamiliar patterns (eg, direction change around 
the obstacles) within the same task differ at baseline and/or 
respond differently to motor imagery training.
The second aim of the study was to determine whether 
a single session of motor imagery training could produce 
improvements in older adults’ physical performance. Motor 
imagery training in this study did not lead to significant 
between group changes in the time to complete the obstacle 
course or other locomotor tasks, and there were no significant 
effects on gait variability measures. There were, however, 
significant within group improvements for normal gait speed 
in the motor imagery training group, as well as the physical 
and control groups. Additionally, there was a significant 
reduction in time to complete the obstacle course in the 
physical training group. Medium to large effect sizes were 
also identified for fast gait speed, TUG, and obstacle course 
for the two training groups which indicated greater improve-
ments with training compared with controls. Specifically, 
there were large effect size improvements for the change 
in TUG time for both training groups when compared with 
controls. This suggests that imagining the performance of 
the obstacle course may have resulted in positive transfer 
to the TUG task. This carryover improvement is not neces-
sarily surprising given that the obstacle course incorporated 
all the elements of the TUG (ie, sit to stand, walking, turn-
ing, and stand to sit), but it does demonstrate the significant 
potential motor imagery training may play in improving 
function in older adults. As the current study involved only 
one session, the improvements in locomotor tasks observed 
in the current study for motor imagery training are likely to 
be more evident and clinically meaningful following several 
training sessions.46,51 More evident changes in gait variability 
measures may also occur with prolonged and targeted motor 
imagery training but very little is still known about the poten-
tial influence of such a training on gait variability in older 
adults.35 While more prolonged motor imagery training is 
likely to further improve locomotor performance, it is essen-
tial to identify factors that may have limited performance 
gains within a single session of motor imagery training, as 
performed in the current study.
The amount of repetitions and the total duration of the 
motor imagery session used in the current study appear to 
be appropriate and were consistent with dosages used in 
rehabilitation46 and sport,47 albeit with these parameters 
applied only to a single session. The small sample size is a 
factor that limited our ability to detect significant between 
group differences but there are also a range of other poten-
tial methodological reasons for the lack of between group 
differences. First, the only instruction provided to the motor 
imagery training group was to “imagine yourself completing 
the obstacle course as quickly and accurately as possible from 
a first person perspective”. This limited amount of instruction 
was utilized to better represent what might occur in a clinical 
setting where there are time and personnel constraints. 
Previous research that has involved multiple sessions and 
provided more guidance and specific instructions through the 
use of audio tapes have reported significant improvements in 
locomotion after several weeks of motor imagery training.51 
Second, the study was conducted on healthy, independently 
mobile older adults, so potential changes in gait speed and 
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mobility-related tasks were somewhat limited compared with 
older adults with reduced gait speed or impaired mobility.52 
As such, future research should identify the within session 
effects of motor imagery in mobility impaired older adults. 
Additionally, the motor imagery training may have been 
more effective if performed in standing as it has been found 
that adopting a more similar position to the imagined task is 
beneficial.40,45 Based on these previous observations, it was 
decided to have participants complete the motor imagery 
training in sitting as the obstacle course started with a 
sit-to-stand, but an upright posture may have been more 
reflective of the entire task considering the obstacle course 
included straight-line walking, hurdle stepping, and direction 
changes. It is also acknowledged that greater benefits are 
likely to have occurred if physical trials were interspersed 
between blocks of motor imagery repetitions,11 but one of 
the study aims was to determine the effect of isolated motor 
imagery training on locomotion. The clinical significance 
of determining this isolated effect is related to the potential 
application of motor imagery in older adults who may have 
mobility impairments or limited weight bearing ability due 
to illness, weakness, or injury.
Conclusion
This study is the first to identify the within session learning 
process that occurs with motor imagery of a complex loco-
motor task in older adults. During a single session of motor 
imagery training, the timing of an imagined locomotor task 
was refined to better match that of the physically performed 
locomotor task. Additionally, motor imagery training pro-
moted greater improvements in locomotor performance than 
controls, indicating that locomotor-related motor imagery can 
improve mobility in independent, community-dwelling older 
adults. While future research should assess the time course 
and dose–response characteristics of the learning process to 
motor imagery training of simple locomotor tasks, the practical 
application of these results is that task-specific motor imagery 
may provide a feasible alternative or adjunct to standard 
physiotherapy for those older adults who are unable to access 
supervised rehabilitation services or those who are unable to 
tolerate weight bearing and task-specific physical practice.
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